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Stator component for an inner rotor DC motor 

Field of the Invention 

5 The invention relates to a stator component for an inner rotor DC motor which has a ring- 
shaped stator coil flux guide (yoke) and several pole shoes. The pole shoes extend inwardly 
from the central, inner opening of the stator coil flux guide in a radial direction. 

Background of the Invention 

The invention is generally related to inner rotor DC motors, particularly electronically- 
10 commutated, brushless direct current (DC) motors. Motors of this kind can be used in a vari- 
ety of applications, examples being in automotive engineering for fans, cooling pumps or 
steering system support. Other application areas include ventilator fans in power supply units, 
or spindle motors in disk drives for data processing systems, just to mention a few. 

A brushless DC motor basically consists of a shaft, a rotor assembly equipped with one or 
15 more permanent magnets arranged on the shaft, and a stator assembly which incorporates a 
stator component (e.g. made of sheet metal) and phase windings. Two bearings are mounted 
at an axial distance to each other on the shaft to support the rotor assembly and stator assem- 
bly relative to each other. 

An example of a stator component which can be utilized in the stator assembly is illustrated in 
20 Fig. 1- The stator component 8 consists of a ring-shaped stator coil flux guide 10 and several 
pole shoes 12 which extend inwardly from the central, inner opening of the stator coil flux 
guide 10 in a radial direction. Stator slots 14 are formed between the pole shoes 12. 

The stator component illustrated in the example in Fig. 1 has 27 pole shoes 12. Nine pole 
shoes 12 are available for each phase winding, as it is assumed that the stator component 8 is 
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intended for a three-phase DC motor. A conflict arises in relation to the winding of the stator 
component 8 with three phase windings, as there must be sufficient space for applying the 
windings between the pole shoes 12, and a narrow opening 16 of the slot 14 is advantageous 
for the electromagnetic configuration of the stator. This conflict can be clearly seen in Fig. 1 . 
5 It is increased by the fact that the space available for the winding between two pole shoes 12 
actually is reduced by a tapered area which is required for inserting the winding wire between 
each two pole shoes 12. 

The document DE 101 06 717A1 describes an element for an electrical motor which can be 
used as a stator or rotor and consists of two supporting components which, when combined in 
10 an axial direction, form the element itself. Each of the supporting components has pole teeth, 
although directly adjacent pole teeth in the circumferential direction are not formed by the 
same supporting component to enable making of the distance between the adjacent teeth of 
the same supporting component large enough to considerably facilitate the winding procedure 
or the fitting of a coil. 

15 Therefore it is the object of the invention to specify a stator component for an inner rotor 
motor which has a narrow slot opening to ensure good motor function, but simultaneously can 
be easily and efficiently woxmd. 

Summary of the Invention 

This task has been solved with a stator component according to claim 1 . The invention, more 
20 particularly, provides for dividing the stator component into several stator sections, with a 
stator section encompassing the pole shoes of a phase in each case. The basic intention behind 
the invention is to divide the stator in different levels, with stator sections being joined in a 
manner which results in them forming together a complete stator component. 

A variety of advantages are achieved, due to the fact that each stator section encompasses all 
25 the pole shoes of a phase. Production is simplified, as each phase can be completely wired and 
interleaved in its stator section. Only the individual phase windings need be connected (e.g. 
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delta or Y connection) after the individual stator sections are fitted. Advantages are also at- 
tained with regard to motor operation, as the embodiment of the present invention ensures that 
it is not influenced by magnetic stray flux from other adjacent phases, and the same electro- 
magnetic properties apply to each phase, as the same electromagnetic resistances are gener- 
5 ated for each phase. 

Each stator section consists in particular of part of the ring-shaped stator coil flux guide which 
is especially designed to only extend over part of the axial length of the stator component. 
Moreover, the stator component encompasses the pole shoes belonging to a phase, these basi- 
cally extending along the entire axial length of the stator component. The ring-shaped coil 
10 flux guide extends in particular over a fragment of the axial length of the stator component 
corresponding to the number of phases. The axial length of the ring-shaped coil flux guide is 
preferably equivalent to one third of the overall length of the stator component in the case of a 
three-phase motor. 

The stator component according to the invention can, in particular, be manufactured so that 
15 each stator section consists of two bonded parts. One component consists of an enclosed ring 
and the pole shoes belonging to a phase, these each extending over a fragment of the axial 
length of the stator component previously mentioned, and the other component consists of the 
missing part of pole shoes belonging to this phase, thus complementing the first component, 
so that the each of the pole shoes belonging to the respective phase extends along the entire 
20 length of the stator component. Both components can, for example, be imited through stamp- 
ing and packaging or adhesive bonding. 

According to the present invention, the stator sections for the three phases are produced sepa- 
rately, and the pole shoes of the respective stator section for each phase are wired before the 
individual stator sections utilized for forming the completed, wired stator are bonded together. 
25 Adequate space is available for winding the pole shoes, as pole shoes for the respective other 
phases are missing on the stator sections. Phase windings can still be shaped before the 
bonding of stator sections through the application of pressure. The individual stator sections 



are subsequently connected, being interleaved until they form a completely wired (wound) 
stator. 

The invention also relates to a method for manufacturing a stator component in accordance 
with claim 1 1 . Preferred embodiments of the invention are indicated in the dependent claims. 

Brief Description of the Drawings 

The invention is explained in greater detail below on the basis of a preferred embodiment and 
with reference to the drawings. 

Fig. 1 shows a schematic perspective view of a stator component; 

Fig. 2 shows a schematic top view of the stator component stamped sheet with nine pole 
shoes; 

Fig. 3 shows a schematic top view of the same stator component stamped sheet as in Fig. 2, 
but only the poles of a single phase are illustrated; 

Fig, 4 shows a schematic perspective view of part of a first stator section of the stator com- 
ponent according to the invention; 

Fig. 5 shows a schematic perspective view of part of a second stator section of the stator 
component according to the invention; and 

Fig. 6 shows a schematic perspective view of part of a third stator section of the stator com- 
ponent according to the invention. 

Fig. 7a, 7b and 7c show a perspective view, a top view and a side view of the assembled 
stator component according to the invention, respectively; 
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Fig. 8a and 8b show a perspective view of the stator component according to the in- 

vention in a partially-assembled state, diagonally from both below and above, respec- 
tively. 



Detailed Description of Preferred Embodiment 

5 Fig. 1, which has already been described, shows a perspective view of a stator component 8 
for use in an electrical motor, particularly an electronically-commutated direct current (DC) 
motor. The stator component 8 consists of a ring-shaped coil flux guide or yoke 10 and pole 
shoes 12, between which stator slots 14 are formed. A slot opening is designated as 16. An 
expert will understand that the invention can be utilized on stator components with arbitrary 
10 number of poles/slots. 



Fig. 2 illustrates a schematic top view of a stator component. This top view is equivalent to 
the so-called stamped sheet for a stator component produced from several metal sheets. A 
ring-shaped coil flux guide 10 and pole shoe 12 are shown in the stamped sheet illustrated in 
Fig. 2. A stator slot 14 is illustrated between every two pole shoes 12, the slot opening being 
15 designated 16. The stator slot 14 creates the space available for the phase winding, this also 
being termed the winding space. 



The stamped sheet illustrated in Fig, 2 has nine stator slots 14 and nine pole shoes 12 and is 
intended for a three-phase brushless direct current (DC) motor. The pole shoes a support the 
winding for phase 1 here, the pole shoes b support the winding for phase 2, and pole shoes c 
20 support the winding for phase 3. 

In a conventional stator component, the slot opening 16 must be large enough to pass a 
winding wire through it during winding. Furthermore, the winding space in the area of stator 
slot 14 is limited, because adequate space must be available for fitting the winding wire as far 
as the bottom of the pole shoe. The actual space available for the phase winding is schemati- 
25 cally indicated in Fig. 2 at 18, 18' by a hatched line. These pole shoe 12, stator slot 14 and 
slot opening 16 dimensions should therefore be selected so that space is available for intro- 
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ducing a winding wire (not illustrated) into the stator slot 14 for winding the pole shoes 12. A 
narrow slot opening 16, on the other hand, is advantageous for electromagnetic configuration 
of the motor and, in particular, generating a torque with low torque ripple. 

Fig. 3 illustrates (in reduced scale) the stamped sheet of a similar stator component with nine 
5 slots, but, according to the invention, only the pole shoes 20 are provided which carry by the 
windings of the same phase. The pole shoes 20 are provided on the inner central opening of 
the ring-shaped stator coil flux guide 10, as is the case with the stamped sheet in Fig. 2. Ac- 
cording to the invention, the stator component consists of three stator sections, whose top 
view (or stamped sheet) is formed as shown in Fig. 3. It is apparent from Fig. 3 that the pole 
10 shoes 20 of the stator section shown can be wired by the winding wire for one of the electrical 
motor phases without any difficulty. There are obviously no restrictions caused by a small slot 
opening or the tapered space required for fitting the winding wire. Of particular importance is 
that every hammer or tooth 22 of the pole shoe 20 can made broader, in contrast to the prior 
art stator component, as no minimum dimension is specified for the slot opening 16. 

15 According to the invention, three stator sections (or two in the case of a two-phase motor) are 
manufactured separately and wired before these are joined to form a single stator component. 
The top view, or stamped sheet, of the three (or two) stator sections is identical. A second and 
third stator section would support the second or third phase winding and be arranged offset to 
the first stator section as illustrated in Fig. 3. Each of the stator sections is arranged offset at 

20 360° : N to each other (depending on the number of phases N). The embodiment illustrated 
has an angle offset of 360'' : 9 = 40°. 

Pressure can be optionally applied to the windings (not illustrated in Fig. 3) from the pole 
shoe 20 side to shape the windings if required after winding of the individual pole shoes (e.g. 
20 in Fig. 3). The teeth or hammers 22 of the pole shoes can be made wider than in the prior 
25 art, as each stator section only consists of the pole shoes and windings of a single phase. The 
width of each hammer 22 is only limited by the next adjacent hammer (i.e. the hammer be- 
longing to the adjacent phase). The slot opening of the completed stator component can be 
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minimized as a resxilt, meaning the stator component as a whole conveys a greater flux and 
generates a lower torque ripple. 

The assembled stator component is manufactured in accordance with the invention by inter- 
leaving three wired stator sections together. This is explained in greater detail with reference 
5 to Fig. 4 to 6. The preferred embodiment of the invention is explained on the basis of a three- 
phase DC motor, although an expert will understand that the invention is not limited to this. 

The first stator section 28 illustrated in Fig. 4 consists of a first ring-shaped stator coil flux 
guide or yoke component 24 and the pole shoes 29 belonging to one phase. 

The stator section 28 is assembled from several parts, namely an enclosed ring-shaped com- 
10 ponent (illustrated with a hatched line in Fig. 4) and part 24 of the ring-shaped stator coil flux 
guide, along with part 26, which encompasses the pole shoes 29 belonging to that phase. Part 
24 of the ring-shaped stator coil flux guide and part 26 of the pole shoes (Fig. 4 only illus- 
trates one of the pole shoes of a phase) each extend over a third (1 : number of phases) of the 
axial length L of the stator component. The second part of the stator section 28 for this phase 
15 is formed by the respective missing parts 30 of the pole shoes 29 belonging to this phase. 
These pole shoe components 30 supplement the pole shoe components 26 to form in total the 
pole shoes 29 of one phase (e.g. phase 1) which extends the full axial length L of the stator 
component. The axial length of the pole shoe components 30 forms two thirds of the axial 
length L in the illustrated embodiment, more generally (number of phases - 1) : (number of 
20 phases) • stator length L. Parts 24, 26 and 30 of the stator section 28 are joined (e.g. through 
packaging or adhesive bonding) before winding the stator section 28. 

The illustration in Fig. 4 shows only part of the ring-shaped stator coil flux guide 24 and a 
pole shoe 29 for reasons of simplicity. An expert will understand that the top view of the sta- 
tor section 24 illustrated in Fig. 4 is equivalent to the view in Fig. 3 and encompasses an en- 
25 closed ring-shaped stator coil flux guide 24 and all pole shoes of one phase. 
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Fig. 5 schematically illustrates part of a second stator section 32, for example the stator sec- 
tion for phase 2. This includes a further part 34 of the ring-shaped stator coil flux guide and 
the pole shoes 36 assigned to phase 2, although only one pole shoe 36 is illustrated in Fig. 5. 
The stator section 32 illustrated in Fig. 5 consists of three assembled parts, namely part 34 of 
5 the ring-shaped stator coil flux guide and an associated part 38 of the pole shoes of phase 2 
which each extend over a third of the axial length of the stator component, and the still miss- 
ing parts 40, 40 'of the pole shoes of phase 2 which supplement pole shoe component 38. The 
individual parts 34, 38 and 40, 40' are joined together by packaging or adhesive bonding to 
form a stator section 32. The pole shoes 36 are subsequently wired with the winding for phase 
10 2. 

Fig. 6 illustrates the stator section 42 for the third phase which is formed in mirror fashion to 
stator section 28 of the first phase. It consists of part 44 of the ring-shaped stator coil flux 
guide which extends over a third of the axial length of the stator component, and the pole 
shoes 46 assigned to phase 3. The stator section 42 illustrated in Fig. 6 can be manufactured 
15 from two parts (as is the case with the stator section 28 in Fig. 4). 

Fig. 7a, 7b and 7c show a perspective view, a top view and a side view of the assembled stator 
component consisting of the three stator sections 28, 32, 42. 

Fig. 8a and 8b illustrate an exploded view of the stator component (in which the three stator 
sections 28, 32, 42 can be identified) prior to these being fully assembled to form the stator 
20 component. The parts 24, 34 and 44 of the ring-shaped stator coil flux guide belonging to the 
stator sections and the associated pole shoes 29, 36 and 46 can be identified in the figures. 

The stator sections 28, 32, 42 are joined together in the axial direction afl:er being wired (not 
illustrated in the figures), the stator sections 28 and 42 being pushed from above and below 
onto the stator section 32 so that part 34 of the ring-shaped stator coil flux guide comes to rest 
25 between the coil flux guide components 24 and 44 of the stator sections 28 and 42. The pole 
shoes 29, 36 and 46 are offset during this at 40"" (3 60°: 9) to each other. 
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The individual stator sections 28, 32 and 42 are preferably joined in this manner so that no 
magnetically effective gap is created between the adjacent surfaces of the coil flux guides and 
pole shoes of the other respective phases. This can be ensured with a good press fit or (if nec- 
essary) through use of a magnetically effective filler or adhesive (e.g. as described in JP 0 127 
5 2102A). 

A wired stator component is achieved after winding and assembling the individual stator sec- 
tions 28, 32, 42 which optimally utilizes the winding space between the pole shoes and have a 
smaller slot opening than usual in the prior art. The stator component according to the inven- 
tion, on the one hand considerably simplifying winding of the pole shoes for the respective 
10 phases, and also creating a stator with an improved performance. The winding of a phase ac- 
cording to the invention can, in particular, be fitted completely to a stator section and con- 
nected to this before the individual stator sections are joined. The completely connected phase 
windings should only be subsequently connected in a delta or Y connection. 

The stator component according to the invention is preferably used in an electronically- 
15 commutated brushless direct current (DC) motor. 

The characteristics disclosed in the above description, figures and claims can be significant 
for the realization of the invention in its various embodiments, either individually or in any 
combination whatsoever. 
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Identification Reference List 

8 Stator component 

1 0 Stator coil flux guide or yoke 

1 2 Pole shoes 

14 Stator slots 

16 Slot opening 

18, 18* Phase winding 

20 Pole shoes 

22 Hammer, tooth 

24 Part of the ring-shaped stator coil flux guide 
26 Part of the pole shoes 

28 First stator section 

29 Pole shoes 

30 Part of the pole shoes 
32 Second stator section 

34 Part of the ring-shaped stator coil flux guide 

36 Pole shoes 

38 Part of the pole shoes 

40, 40' Part of the pole shoes 

42 Third stator section 

44 Part of the ring-shaped stator coil flux guide or yoke 
46 Pole shoes 



